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57 ABSTRACT 
A method of manufacturing an aluminum alloy for 
electric conductors wherein an aluminum alloy wire 
which possesses good elongation characteristics, high 
electric conductivity and high strength, after it has been 
worked to its final size, is obtained by casting an alumi 
num-iron alloy, which consists of 1.0 - 2.0% iron and 
a remainder substantially of aluminum, into an ingot and 
heating it at 500 14630 C. for 0.5 - 48 hours before or 
after said ingot is hot-worked into a wire rod. 

8 Claims, No Drawings 
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METHOD OF MANUFACTURING ALUMNUM 
ALLOY FOR ELECTRIC CONDUCTOR 
BACKGROUND OF THE INVENTION 

The present invention relates to an aluminum alloy 
for electrical conductors which is easy to manufacture 
and which has good elongation characteristics. 

In the past, soft copper wires were exclusively used 
for communication cable conductors, magnet wires, 
etc. However, aluminum has come to be used in partial 
substitution for them because of the exhaustion of cop 
per resources and price fluctuations. For such alumi 
num, there is available aluminum of electric conductor 
grade (hereinafter to be referred to briefly as EC-Al), 
which has been in use for overhead transmission and 
distribution cables for some time. If this EC-Al is sub 
jected to drawing work, it undergoes work hardening 
and its elongation decreases remarkably. With a cold 
working of about 90%, resulting in an elongation of 3% 
or less, its workability is also degraded remarkably. 
Furthermore, when it is used as a soft material, the 
EC-Al has at most a tensile strength of only 8-10 
Kg/mmand has had a drawback in that its mechanical 
strength is low. 
With respect to Al-Fe alloys relating to the present 

invention, there is, for example, the alloy disclosed in 
U.S. Pat. No. 3,827,917. According to that patent, heat 
ing is done at 500' F. - 900 F. (260 - 428 C.) in the 
intermediate process step after casting and working. 
This heating is done for the purpose of recovering elec 
tric conductivity by precipitating Fe in solid solution in 
the form of fine particles. 
The present inventors have discovered there is a 

shortcoming in that although Fe in solid solution is 
precipitated in the form of fine particles and electric 
conductivity is recovered as mentioned in U.S. Pat. No. 
3,827,919, if the temperature of the aforementioned 
heating in ingot form is as low as 499 C. or lower, the 
elongation characteristics of the alloy in a highly 
worked-on condition in the cold working step, done 
after the hot working, are degraded just as in the case of 
EC-Al, resulting in poor workability. 

SUMMARY OF THE INVENTION 

With a view to solving the aforementioned shortcom 
ing, the present inventors made studies of a mumber of 
alloy types and as a result have discovered that tensile 
strength and elongation characteristics can be improved 
without much impairment of electric conductivity, as 
compared with EC-Al, by imparting a special working 
and heat treatment to Al-Fe type alloys within a suitable 
range of composition. 
An object of the present invention is to provide a 

method of manufacturing an aluminum alloy for electric 
conductors which has good workability, is easy to man 
ufacture and retains an excellent ductility in a highly 
worked-on condition, and which at the same time has a 
high electric conductivity and high strength as a soft 
material. 
Another object of the present invention is to provide 

a method of manufacturing an aluminum alloy for con 
ductors which is excellent in overall properties of duc 
tility, conductivity and strength for communication 
cable conductors, magnet wires, housing wires, etc. 

Still another object of the present invention is to 
provide a method of manufacturing an aluminum alloy 
for electric conductors which does not necessitate the 
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2 
use of troublesome skin pass work and continuous an 
nealing in manufacturing conductors of a semi-hard or 
soft material for the aforementioned uses and which 
makes it possible to obtain desired properties only by 
heating at a high temperature in the ingot form or by 
batch heating after hot working. 
The present invention comprises a method of manu 

facturing an aluminum alloy for electric conductors 
which is characterized in that an aluminum-iron type 
alloy consisting of 1.0-2.0% iron and the remainder 
substantially of aluminum, is cast into an ingot and is 
heated at 500 - 630 C, for 0.5 - 48 hours before or 
after said ingot is hot-worked into a wire rod. 
For the aluminum-iron type alloy used in the method 

of the present invention, an alloy which contains 
1.0-2.0% iron as an indispensable constituent and one 
element selected from the group consisting of 0.005 - 
0.5% calcium, 0.001 - 0.2% bismuth and 0.01 - 0.5% 
antimony and the remainder substantially of aluminum, 
may also be used. 

DETAILED DESCRIPTION OF THE 
INVENTION 

According to the teachings of the present invention, 
an ingot of Al-Fe type alloy containing 1.0 - 2.0% iron 
is heated at 500 C. - 630 C. before it is hot-worked. 
Accordingly, precipitates as cast are coarsened to a size 
of 2. ~ 8 and Fe in solid solution is also precipitated 
as precipitates having a size of 0.5p, or more, so that a 
distribution of these large particles of Al-Fe may be 
obtained. By subjecting the alloy to working of 90% or 
more during the step of cold working that follows hot 
working, a conductor can be obtained which has excel 
lent elongation characteristics of 4% or more in a 
highly worked-on condition. In this case, the electric 
conductivity of the wire rod can be 60% IACS or more. 

If the conductor that has been subjected to cold 
working of 90% or more is annealed within a tempera 
ture range of 150 - 600 C. for 0.5 Second - 10 hours, 
a conductor can be obtained which has excellent me 
chanical properties, with a tensile strength of 12 
Kg/mm or more, an elongation of 20% or more, and an 
electric conductivity of 61% IACS or more. 

In the method of the present invention, the ingot of 
Al-Fe type alloy is ordinarily cast by the so-called Di 
rect Chill casting process (hereinafter to be referred to 
as DC casting). As will be explained hereinafter in de 
tail, where heating is done after hot-working in carrying 
out the method of the present invention, the casting and 
hot-rolling may be done by such a continuous casting 
and rolling process as the Properzi process. 
The reason why the Fe-content is defined to be 1.0 - 

2.0% in the present invention is that if the content is less 
than 1.0%, the elongation characteristics cannot be 
improved no matter what working method may be 
selected; while if the content is in excess of 2.0%, a 
remarkable degradation of resistance to corrosion is 
observed. 

Ca, Bi or Sb is an element that is added for the pur 
pose of improving elongation characteristics and cold 
workability in the cold-working condition. 
The reason why the Ca-content is defined to be 0.005 

~ 0.5% is that if the Ca-content is less than 0.005%, 
there is no effect on Al-Fe alloys for improvement of 
elongation characteristics, but if it is in excess of 0.5%, 
not only does the intended effect for improving elonga 
tion characteristics become saturated, but also it brings 
about a remarkable lowering of electric conductivity. 
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The reason why the Bi-content is defined to be 0.001 ~ 
0.2% is that if the Bi-content is less than 0.001%, it has 
no effect for improving elongation characteristics, and 
if it exceeds 0.2%, the degradation of corrosion-resist 
ance is remarkable. The reason why the Sb-content is 
defined to be 0.01 - 0.5% is that if the Sb-content is less 
than 0.01%, it has no effect for improving elongation 
characteristics, and if it is in excess of 0.5% not only 
does the effect for improving elongation characteristics 
become saturated, but the degradation of electric con 
ductivity is also remarkable. 
The reason for defining the heating temperature as 

500 - 630 C. is as follows: In order to recover the 
electric conductivity that has been lowered by the Fe 
content placed in solid solution at the time of casting, 
and to improve the elongation property after cold 
working, it is necessary to carry out heat treatment at 
some stage to precipitate Fe and also to bring about 
coarsening of the AlFe compound that has precipitated 
at the time of casting. A characteristic of the method of 
the present invention is that this heat treatment is car 
ried out before the step of hot-working. If the heating is 
done at a temperature lower than 500 C., the coarsen 
ing of the precipitates as cast is not sufficient and the 
precipitates become fine precipitates of about 0.1 u, so 
that the elongation characteristics after cold drawing 
will be found to be poor. A temperature of 500 C. or 
higher is therefore suitable as the heating temperature. 
If the temperature is in excess of 630 C, on the other 
hand, it becomes difficult to control temperature, and 
partial melting must be feared. 

Regarding the heat treatment of the wire rod after 
hot-working, the reason therefor is the same as that 
mentioned above. However, it is un-necessary if coars 
ening of the precipitates is not fully completed and the 
Fe in solid solution is not fully precipitated by heating 
before the step of hot working. If precipitation of Fe 
and coarsening the precipitates by heating before hot 
working is little, it is also possible to precipitate Fe and 
coarsen the precipitates by heating the wire rod. 
As to the duration of heating, it should be defined as 

being not less than 0.5 hours, if the time required for the 
coarsening of the precipitates as cast and for precipitat 
ing Fe in solid solution to the solubility limit of Fe at 
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According to the method of the present invention, 

the treatment for the coarsening of precipitates as cast 
and the treatment for the precipitation of Fe may be 
done before hot-working or after hot-working. How 
ever, treatment before hot-working is preferable, as the 
precipitation treatment by heating after hot-working 
would bring about some degradation of elongation 
characteristics. 

In the present invention, the ingot after heating gen 
erally is hot-rolled in continuation at the same tempera 
ture range as that for heating the ingot. The hot rolling 
is done at the same temperature range for the purpose of 
preventing precipitation during rolling and recurrence 
of solid solution of Fe. 
As to impurities that may be contained in the alloy, 

elements that are normally contained in aluminum for 
electrical purposes of a purity of 99.65% or higher are 
not objectionable at all. For still greater improvement in 
elongation characteristics, however, it is desirable that 
Si does not exceed 0.07%. High purity is preferable, as 
long as it does not involve a large increase in the cost of 
the aluminum material. 
Now, the present invention will be explained in detail 

with reference to examples of embodiment. 
EXAMPLES OF EMBODEMENT 

Alloys of the compositions shown in Table 1 were 
melted (Al-10% Fe mother alloy and Ca, Bi, Sb as 
simple substances being used on Aluminum for electri 
cal purposes of a 99.7% purity) and cast by direct chill 
casting into wire bars having dimensions of 120mm 
square X 1500mm; heated for 10 hours at 530' C. and 
590° C. and then hot-rolled at that heating temperature 
into wire rods of 9.5mm diameter. This wire rod was 
cold-drawn into wire of 1mm diameter. The properties 
of these wires and of wires obtained by working on 
EC-Al in the same way are given in Table 1. 
As is clear from Table 1, the wires made by the pres 

ent invention have as compared with the example for 
comparison of conventional products (EC-Al), an elon 
gation of about 4-7% even in a highly worked-on con 
dition, and possesses, in its cold-drawn condition, an 
elongation which is about equal to that of a semi-hard 
Wic. 

TABLE 
HEATING CHEMICAL CONSTITUENTS TENSILE ELON- ELEC. 

ALLOY TEMP. (ANALYSIS VALUE: %). STRENGTH GATION COND. 
NO. (C) Fe Si Ca. Bi Sb (kg/mm) (%) (%IACS) 

PRESENT 530 .2 0.05 - - - 24.8 4.9 61.5 
NVENTION 2 590 1.2 0.05 - - - 25.4 5.4 60.7 

3 530 1.5 0.05 - - - 26.0 5.0 60,8 
4 590 1.5 0.05 - - - 25.9 5.9 59.8 
5 530 1.8 0.05 - - - 23.4 5.7 60.3 
6 590 .8 0.05 - - - 23.6 6.8 59.9 
7 530 1.2 0.05 0.36 - - 19.0 6.7 60.2 
8 530 1.5 0.05 0.009 - - 21.4 7.2 60. 
9 530 1.8 0.05 0.04 - - 22.6 7.0 59.8 
10 530 4 0.05 -- 0.007 - 21.3 6.8 60.8 
11 530 1.6 0.05 - 0.15 - 23.0 6.7 60.6 
12 530 1.9 0.05 -- 0.02 - 25. 7.9 60.4 
13 530 10 0.05 - - - 0.05 20.7 5.9 60.7 
14 530 1.3 0.05 - - 0.28 21.6 6.4 60.3 
5 530 1.7 0.05 - - 0.40 22.5 7.3 59.8 
16 530 1.9 0.05 - - 0.03 23.7 7.6 59.4 

EX. 17 530 0.15 0.06 - - - 22.9 .8 62.4 
FOR 
COMP. 18 590 0.15 0.06 - - - 23.5 0.9 61.9 

that temperature is taken into consideration. On the 65 
other hand, if the duration exceeds 48 hours, it will 
become a big obstacle in industrial production and can 
not be employed for practical purposes. 

EXAMPLES OF EMBODIMENT 2. 

Alloys of the compositions shown in Table 2 were 
melted (Al-10% Fe mother alloy and Ca, Bi, Sb as 
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simple substances being used on Aluminum for electri 
cal purposes of a 99.7% purity) and cast by direct chill 
casting into wire bars having dimensions of 120mm 
x 1500mm; these were heated at 450° C. for 2 hours and 
then hot rolled at that heating temperature into wire 
rods of 9.5mm diameter. These wire rods were heated at 
400 C., 530 C. and 590 C. for 8 hours each, and then 
cold-drawn into wires of 1mm diameter. The properties 
of these wires were found as shown in Table 2. 

It is noted from Table 2 that the wires made accord 
ing to the present invention have an elongation of 4% or 
more in their condition after drawing and can be used as 
the so-called semi-hard wires, while contrarily that of 
the Example for Comparison has an elongation reduced 

O 

6 
solid solution on the AlFe precipitates produced by the 
coarsening by the former annealing is precipitated for 
further recovery of electric conductivity. 
As has been described in detail with reference to 

examples of embodiment, the manufacturing method of 
the present invention provides not only a conductor 
which, as compared with that of EC-Al, shows almost 
no reduction in electric conductivity and possesses a 
remarkably high strength as a soft wire, but also a con 
ductor which has excellent elongation properties of 4% 
or more even in a highly worked-on condition after 
cold-working and which has an excellent workability. 
What is claimed is: 
1. A method of manufacturing an aluminum alloy for 

to 3% or less and cannot be used as semi-hard wire. 15 electric conductors which is characterized by casting an 
TABLE 2 

COND. FOR CHEMICAL CONSTITUENTS TENSILE ELON- ELEC, 
ALLOY HEATING ANALYSS VALUE: % STRENGTH GATION COND. 
NO. AT 9.5mmd. Fe Si Ca Bi Sb (kg/mm) (%) (% IACS) 

PRESENT 19 530 CX8h 1.2 0.05 - - - - 19.8 4.8 61.2 
INVENTION 20 S90 CX8h 1.2 0.05 - - - - - 21.8 4.3 61.0 

2 530 CX8h 14 0.05 0.5 - - 19.5 5.0 60.8 
22 530' CX8h 1.8 0.05 0.09 - - 9.7 6.2 60.4 
23 530' CX8h 1.2 0.05 - 0.0 - 20.6 5.4 60.8 
24 530 CX8h 1.7 0.05 - 0.07 - 2.1 6.2 60.4 
25 530 CX8h 1.2 0.05 - - 0.13 20.3 5.5 60.3 
26 530 CX8h .8 0.05 - - - 0.25 21.0 6.6 60.2 

EXAMPLES 
FOR COMP. 27 400 CX8h 1.2 0.05 -, - -- 20.0 . 61.5 

EXAMPLE OF EMBODEMENT 3 

Soft wires were obtained by subjecting wires 1.0mm 
in diameter of Alloys No. 1, No. 3, No. 5, No. 7, No. 9, 
No. 10, No. 12, No. 13 and No. 15 of Table 1, Alloys 
No. 19, No. 20, No. 21, No. 23 and No. 25 of Table 2, 
and EC-Al to annealing under the conditions shown in 

30 
aluminum-iron type alloy consisting of 1.0 - 2.0% iron 
and the remainder substantially of aluminum into an 
ingot, heating said ingot at 500 - 630 C. for 0.5 - 48 
hours to effect coarsening of precipitates as cast and 
precipitation of a portion of Fe in solid solution, and 
then hot-working said ingot into a wire rod. 

2. A method of manufacturing an aluminum alloy for 35 O O 

Table 3, electric conductors as claimed in claim 1, wherein the 
Their properties were found to be as shown in Table wire rod after hot-working is subjected to cold-working 

3. of 90% or more to draw it into a wire and then anneal 
TABLE 3 

ANNEALING 
CONDITIONS 275 CX 1 HR. 580 CX 2 SEC. 

TENSILE ELON- ELECTRIC TENSILE ELON- ELECTRIC 
ALLOY SERENGTH GATION ONR STRENG GATION COND. NO. (kg/mm) (%) (%IACS) (kg/mm) (%) (%IACS) 

1. 13. 25.0 62.5 13.4 23.2 62.3 
3. 13.6 24.1 62.5 13.8 22.9 62.2 
5. 13.3 24.6 62.3 13.4 21.8 62.0 
7. 12.8 26.0 62.1 12.8 24.3 62.0 
9. 13.6 23.7 61.9 13.7 23.5 61.8 

10. 13.2 24.5 62.6 13.5 21.4 62.5 
12. 13.7 20.6 62.4 3.9 19.5 62.2 
13. 13.0 27.0 62.4 13.1 25.6 62.4 
5. 13.5 26.1 62.2 3.4 23.7 62.1 

19. 12.8 29.4 62.7 12.7 30.1 62.7 
20. 13.1 28.5 62.7 13.2 29.1 62.6 
21. 12.7 25.4 62.0 12.9 24.7 62.0 
23. 13.3 26.7 62.2 13.5 250 62.1 
25. 13.5 25.3 62.4 13.6 23.2 62.3 
EC-Al 9.5 25.0 62.9 9.3 28.2 63.0 

It is noted that, as compared with EC-Al, the alloys 
of the present invention have an excellent tensile 
strength, even if the electric conductivity shows a slight ing that wire at 150 - 600 C. for from 0.5 second to 
decrease. 10 hours, thereby imparting a tensile strength of 12 - 
The method of the present invention should not be 60 15 Kg/mm, elongation of 20% or more and electric 

restricted by the aforementioned examples of embodi- conductivity of 61% IACS or more to a soft aluminum 
ment. For example, the following modification of the alloy wire. 
method is also included in the scope of the present in- 3. A method of manufacturing an aluminum alloy for 
vention. electric conductors which is characterized by casting an 

It is a method wherein by annealing at a compara- 65 aluminum-iron type alloy consisting of 1.0 - 2.0% iron 
tively low temperature range of 300 - 450 C. in con 
tinuation to the annealing at 500 - 630 C, before or 
after the hot-working of the ingot into a wire rod, Fe in 

and the remainder substantially of aluminum into an 
ingot, hot working that ingot into a wire rod, and then 
heating the rod at 500 - 630 C. for 0.5 - 48 hours for 
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coarsening of precipitates as cast and precipitation of a 
portion of Fe in solid solution. 

4. A method of manufacturing an aluminum alloy for 
electric conductors as claimed in claim 3, wherein the 
wire rod after heating is subjected to cold-working of 
90% or more to draw it into a wire and then that wire 
is annealed at 150 - 600 C. for from 0.5 second to 10 
hours, thereby imparting a tensile strength of 12 ~ 15 
Kg/mm, elongation of 20% or more and electric con 
ductivity of 61% IACS or more to a soft aluminum 
alloy wire. 

5. A method of manufacturing an aluminum alloy for 
electric conductors which is characterized by casting an 
aluminum-iron type alloy consisting of 1.0 ~ 2.0% iron, 
one kind of element selected from the group consisting 
of 0.005 - 0.5% calcium, 0.001 - 0.2% bismuth and 
0.01 - 0.5% antimony and the remainder substantially 
of aluminum into an ingot, heating said ingot at 500 - 
630 C. for 0.5 - 48 hours to effect coarsening of pre 
cipitates as cast and precipitation of a portion of Fe in 
solid solution, and then hot-working said ingot into a 
wire rod. 

6. A method of manufacturing an aluminum alloy for 
electric conductors as claimed in claim 5, wherein the 
wire rod after hot-working is subjected to cold-working 
of 90% or more to draw it into a wire and then anneal 
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8 
ing that wire at 150 - 600' C. for from 0.5 second to 
10 hours, thereby imparting a tensile strength of 12 - 
15 Kg/mm, elongation of 20% or more and electric 
conductivity of 61% IACS or more to a soft aluminum 
alloy wire. 

7. A method of manufacturing an aluminum alloy for 
electric conductors which is characterized by casting an 
aluminum-iron type alloy consisting of 1.0 - 2.0% iron, 
one kind of element selected from the group consisting 
of 0.005 - 0.5% calcium, 0.001 - 0.2% bismuth and 
0.01 - 0.5% antimony and the remainder substantially 
of aluminum into an ingot, hot-working that ingot into 
a wire rod, and then heating the rod at 500 - 630 C. 
for 0.5 - 48 hours for coarsening of precipitates as cast 
and precipitation of a portion of Fe in solid solution. 

8. A method of manufacturing an aluminum alloy for 
electric conductors as claimed in claim 7, wherein the 
wire rod after heating is subjected to cold-working of 
90% or more to draw it into a wire and then that wire 
is annealed at 150 - 600 C. for from 0.5 second to 10 
hours, thereby imparting a tensile strength of 12 - 15 
Kg/mm, elongation of 20% or more and electric con 
ductivity of 61% IACS or more to a soft aluminum 
alloy wire. 
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